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ABSTRACT
Light is an important factor for the growth and development of leafy salad vegetables.
Vegetables cultivated under low light intensity will produce a low yield. The monitoring of
physiological changes in vegetables grown under inadequate light intensity is the information for
planting system management. In this study, leaf light reflectance was investigated in order to
compare the physiological changes of Red Oak lettuce that were hydroponically grown under
normal light intensity and under lower light intensity than usual. The result showed that Red Oak
lettuce grown under lower light intensity than usual had small canopy width and low fresh
weight. Moreover, low light intensity could reduce the anthocyanin production in leaves of Red
Oak lettuce. The leaf light reflectance was measured and then calculated to various spectral
indices. Red Oak lettuce grown under normal light intensity exhibited higher Normalized
Difference Vegetable Index (GNDVI) and Anthocyanin Reflectance Index (ARI1 and ARI2),
which are kinds of spectral index, than that of Red Oak lettuce grown under lower light intensity
than usual. Moreover, those three spectral indices had a correlation with the anthocyanin content
in leaves. Differences of leaf light reflectance in Red Oak lettuce cultivated under two conditions
of light intensity could be applied to monitor plant health for management of the light intensity
in a plant nursery in the future.
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∫∑π”
· ß‡ªìπªí®®—¬æ◊Èπ∞“πªí®®—¬À≈—°∑’Ë¡’Õ‘∑∏‘æ≈μàÕ°“√‡®√‘≠‡μ‘∫‚μ¢Õßæ◊™ °“√ª≈Ÿ°æ◊™¿“¬„μâ ¿“æ
§«“¡‡¢â¡· ß Ÿß “¡“√∂™à«¬‡æ‘Ë¡º≈º≈‘μ¢Õßæ◊™∑’Ëª≈Ÿ°„π‚√ß‡√◊Õπ ‡™àπ ¡–‡¢◊Õ‡∑» [1] º—°°“¥ÀÕ¡ [2]
·≈–º—° ≈—¥√—∫ª√–∑“π„∫ [3] „π∑“ßμ√ß°—π¢â“¡ °“√ª≈Ÿ°æ◊™„π ¿“æ§«“¡‡¢â¡· ßμË”°«à“§«“¡‡¢â¡· ß∑’Ë
æ◊™μâÕß°“√®–∑”„Àâº≈º≈‘μ¢Õßº—° ≈—¥≈¥≈ß∑—Èß‡™‘ß§ÿ≥¿“æ·≈–‡™‘ßª√‘¡“≥ ‚¥¬º—° ≈—¥®–¡’πÈ”Àπ—° ¥




















‡ª≈’Ë¬π·ª≈ß∑“ß √’√«‘∑¬“¢Õßæ◊™∑’Ë·μ°μà“ß°—π ‡™àπ ¥—™π’ Normalized Difference Vegetable Index
(NDVI) ¡’√“¬ß“π§«“¡ —¡æ—π∏å°—∫°“√‡ª≈’Ë¬π·ª≈ß¢Õß™’«¡«≈ [11] ¥—™π’ Normalized Difference
Red-edge Index (NDRE) ¡’√“¬ß“π§«“¡ —¡æ—π∏å°—∫°“√‡ª≈’Ë¬π·ª≈ß¢Õßª√‘¡“≥‰π‚μ√‡®π„π„∫ [12]
·≈–¥—™π’ Green Normalized Difference Vegetable Index (GNDVI) ¡’√“¬ß“π§«“¡ —¡æ—π∏å°—∫°“√
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«‘∏’°“√∑¥≈Õß
1. °“√ª≈Ÿ°º—°°“¥ÀÕ¡‡√¥‚Õä§
ª≈Ÿ°º—°°“¥ÀÕ¡‡√¥‚Õä§ (Lactuca sativa L. var. crispa) ¥â«¬«‘∏’‰Œ‚¥√æÕπ‘° å√–∫∫
Nutrient Film Technique (NFT) [14] ∑’Ë‚√ß‡√◊ÕπÀ≈—ßÕ“§“√ “√π‘‡∑» 50 ªï ¢Õß¿“§«‘™“æ◊™ «π §≥–
‡°…μ√ ¡À“«‘∑¬“≈—¬‡°…μ√»“ μ√å „π√–À«à“ß«—π∑’Ë 6 ∏—π«“§¡ 2561 ∂÷ß 18 ¡°√“§¡ 2562 ‡æ“–‡¡≈Á¥
º—°°“¥ÀÕ¡æ—π∏ÿå‡√¥‚Õä§ „π«— ¥ÿª≈Ÿ°§◊Õ‡æÕ√å‰≈∑åº ¡‡«Õ√å¡‘§Ÿ‰≈∑å„πÕ—μ√“ à«π 1:1 „π∂â«¬æ≈“ μ‘°
¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß 3.5 ‡´πμ‘‡¡μ√ „Àâ§«“¡™◊Èπ¥â«¬πÈ”ª√–ª“®πμâπ°≈â“¡’„∫·∑â 1 §Ÿà ´ ÷Ëß„™â‡«≈“ª√–¡“≥
7 «—π ®“°π—Èπ‡≈’È¬ßμâπ°≈â“¥â«¬ “√≈–≈“¬∏“μÿÕ“À“√ Ÿμ√ Enshi [15] ∑’Ë¡’§à“°“√π”‰øøÑ“¢Õß “√≈–≈“¬
(Electrical Conductivity, EC) ‡∑à“°—∫ 0.6 mSëcm-1 ®πμâπ°≈â“¡’„∫·∑â¡“°°«à“ 3 §Ÿà ´ ÷Ëß„™â‡«≈“Õ’°ª√–¡“≥
10 «—π ®“°π—Èπ®÷ß¬â“¬μâπ°≈â“≈ß√–∫∫ª≈Ÿ°‚¥¬„™â “√≈–≈“¬∏“μÿÕ“À“√ Ÿμ√ Enshi ∑’Ë¡’ EC ‡æ‘Ë¡¢÷Èπ‡ªìπ
1.2 mS-cm-1
°“√∑¥≈Õß∂Ÿ°·∫àß‡ªìπ 2 ∑√’μ‡¡πμå §◊Õ 1)  ¿“æ§«“¡‡¢â¡· ßª°μ‘ ´÷Ëß∑”°“√ª≈Ÿ°„π
‚√ß‡√◊Õπ¥â«¬· ß∏√√¡™“μ‘ ·≈– 2)  ¿“æ§«“¡‡¢â¡· ßμË”°«à“ª°μ‘´ ÷Ëß∑”°“√ª≈Ÿ°„π‚√ß‡√◊Õπ¥â«¬· ß∏√√¡™“μ‘
·≈–∑”°“√æ√“ß· ß 50 ‡ªÕ√å‡´Áπμå ·μà≈–∑√’μ‡¡πμåª√–°Õ∫¥â«¬√“ßª≈Ÿ°æ≈“ μ‘°¬“« 1 ‡¡μ√ ®”π«π
3 √“ß ·μà≈–√“ßª≈Ÿ°º—°°“¥ÀÕ¡‡√¥‚Õä§ 7 μâπ √«¡ 21 μâπμàÕÀπ÷Ëß∑√’μ‡¡πμå ª≈Ÿ°º—°°“¥ÀÕ¡‡√¥‚Õä§
„π√–∫∫ª≈Ÿ° NFT ®πÕ“¬ÿ‡°Á∫‡°’Ë¬«∑’Ë 43 «—π ·≈â«®÷ß∑”°“√‡°Á∫º≈º≈‘μ‚¥¬°“√ ÿà¡μ—«Õ¬à“ß∑√’μ‡¡πμå≈–
15 μâπ ∫—π∑÷°§«“¡°«â“ß¢Õß∑√ßæÿà¡ ·≈–πÈ”Àπ—° ¥ ∫—π∑÷°°“√‡ª≈’Ë¬π·ª≈ß ¿“æÕ“°“»¿“¬„π‚√ß‡√◊Õπ
ª√–°Õ∫¥â«¬ Õÿ≥À¿Ÿ¡‘ §«“¡™◊Èπ —¡æ—∑∏å„πÕ“°“» ·≈–§«“¡‡¢â¡· ß∑—Èß Õß∑√’μ‡¡πμåμ≈Õ¥°“√∑¥≈Õß
2. °“√«‘‡§√“–Àåª√‘¡“≥√ß§«—μ∂ÿ„π„∫
‡°Á∫„∫º—°°“¥ÀÕ¡‡√¥‚Õä§∑’ËÕ“¬ÿ 41 «—πÀ≈—ß®“°‡æ“–‡¡≈Á¥ ´ ÷Ëß‡ªìπ™à«ßÕ“¬ÿ∑’ËÕ¬Ÿà„π√–¬–‡°Á∫‡°’Ë¬«
[16] ‚¥¬‡≈◊Õ°„∫∑’Ë‚μ‡μÁ¡∑’Ë≈”¥—∫∑’Ë 2 ·≈– 4 ®“°¬Õ¥ μ—¥μ—«Õ¬à“ß„∫‡ªìπ™‘Èπ‡≈Á°Ê ®“°π—Èπ ÿà¡μ—«Õ¬à“ß
„∫ª√‘¡“≥ 0.1-0.2 °√—¡ ‡æ◊ËÕπ”¡“«‘‡§√“–Àåª√‘¡“≥§≈Õ‚√øî≈≈å ·§‚√∑’πÕ¬¥å ·≈–·Õπ‚∏‰´¬“π‘π„π„∫
∑”°“√∑¥≈Õß∑√’μ‡¡πμå≈– 3 ´È”
ª√‘¡“≥§≈Õ‚√øî≈≈å·≈–·§‚√∑’πÕ¬¥å„π„∫«‘‡§√“–Àåμ“¡«‘∏’¢Õß Hiscox and Israelstam [17]
·≈– Chappelle and Kim [18] ∑”°“√ °—¥√ß§«—μ∂ÿ„π„∫¥â«¬ “√≈–≈“¬ Dimethyl sulfoxide (DMSO)
‡°Á∫μ—«Õ¬à“ß„π∑’Ë¡◊¥ 1 §◊π ®“°π—Èππ”¡“«—¥§à“°“√¥Ÿ¥°≈◊π· ß (Absorbance, A) ∑’Ë§«“¡¬“«§≈◊Ëπ 470, 648
·≈– 664 π“‚π‡¡μ√ ¥â«¬‡§√◊ËÕß ‡ª°‚∑√‚ø‚μ¡‘‡μÕ√å ª√‘¡“≥§≈Õ‚√øî≈≈å·≈–ª√‘¡“≥·§‚√∑’πÕ¬¥å
§”π«≥‰¥â®“° ¡°“√μàÕ‰ªπ’È
ª√‘¡“≥§≈Õ‚√øî≈≈å‡Õ (Chl a) = 12.25A664-2.79A648
ª√‘¡“≥§≈Õ‚√øî≈≈å∫’ (Chl b) = 22.9A648-4.68A664
ª√‘¡“≥§≈Õ‚√øî≈≈å√«¡ (Total Chl) = Chl a + Chl b
ª√‘¡“≥·§‚√∑’πÕ¬¥å√«¡ (Total Carotenoid) = 1000A470-1.82Chl a-85.02Chl b
ª√‘¡“≥·Õπ‚∏‰´¬“π‘π„π„∫«‘‡§√“–Àåμ“¡«‘∏’¢Õß Ito ·≈–§≥– [19] ∑”°“√ °—¥·Õπ‚∏‰´-
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¬“π‘π„π„∫¥â«¬ “√≈–≈“¬‡¡∑“πÕ≈ 99.6 ‡ªÕ√å‡´Áπμå „π°√¥‰Œ‚¥√§≈Õ≈‘° 1 ‡ªÕ√å‡´Áπμå ‡°Á∫μ—«Õ¬à“ß
„π∑’Ë¡◊¥ 1 §◊π ®“°π—Èπ®÷ß °—¥·¬°·Õπ‚∑‰´¬“π‘π¥â«¬°“√‡μ‘¡πÈ”°≈—Ëπ·≈–§≈Õ‚√øÕ√å¡ π” “√≈–≈“¬
„π™—ÈππÈ”‰ª«—¥§à“°“√¥Ÿ¥°≈◊π· ß∑’Ë§«“¡¬“«§≈◊Ëπ 530 π“‚π‡¡μ√ ¥â«¬‡§√◊ËÕß ‡ª°‚∑√‚ø‚μ¡‘‡μÕ√å
ª√‘¡“≥·Õπ‚∏‰´¬“π‘π§”π«≥‰¥â®“° A530/πÈ”Àπ—° ¥¢Õßμ—«Õ¬à“ß (FW)
3. °“√«—¥§à“°“√ –∑âÕπ· ß¢Õß„∫·≈–°“√§”π«≥¥—™π’ ‡ª°μ√—¡
«—¥§à“°“√ –∑âÕπ· ß¢Õß„∫ (Leaf Reflectance, R) ¥â«¬‡§√◊ËÕß ‡ª°μ√—¡‡™‘ß· ß
(Spectroradiometer) √ÿàπ LI1800 (LiCor Inc., USA) ´÷Ëß¡’°“√μ‘¥μ—Èß Integrating sphere ‡ªìπÕÿª°√≥å
‡ √‘¡ ∑”°“√«—¥§à“°“√ –∑âÕπ· ß„π„∫º—°°“¥ÀÕ¡‡√¥‚Õä§Õ“¬ÿ 41 «—πÀ≈—ß®“°‡æ“–‡¡≈Á¥ ‚¥¬„™â„∫∑’Ë
‚μ‡μÁ¡∑’Ë≈”¥—∫∑’Ë 3 ®“°¬Õ¥„π°“√μ√«®«—¥ „™â§«“¡¬“«§≈◊Ëπμ—Èß·μà 400 ∂÷ß 950 π“‚π‡¡μ√ ‚¥¬‡æ‘Ë¡
§«“¡¬“«§≈◊Ëπ¢÷Èπ∑’Ë≈– 1 π“‚π‡¡μ√ ∑”°“√∑¥≈Õß∑√’μ‡¡πμå≈– 3 È´” ®“°π—Èππ”§à“°“√ –∑âÕπ· ß∑’Ë‰¥â¡“
§”π«≥¥—™π’ ‡ª°μ√—¡μà“ßÊ ¥—ß∑’Ë· ¥ß„πμ“√“ß∑’Ë 1 ‡π◊ËÕß®“°·μà≈–¥—™π’ ‡ª°μ√—¡¡’§«“¡ —¡æ—π∏å°—∫°“√
‡ª≈’Ë¬π·ª≈ß∑“ß √’√«‘∑¬“¢Õßæ◊™∑’Ë·μ°μà“ß°—π [11-13]
4. °“√À“§«“¡ —¡æ—π∏å√–À«à“ß¥—™π’ ‡ª°μ√—¡·≈–ª√‘¡“≥·Õπ‚∏‰´¬“π‘π„π„∫
«—¥§à“°“√ –∑âÕπ· ß¢Õß„∫ ¥â«¬‡§√◊ËÕß ‡ª°μ√—¡‡™‘ß· ß √ÿàπ LI1800 ´ ÷Ëß¡’°“√μ‘¥μ—Èß Integrating
sphere ‡ªìπÕÿª°√≥å‡ √‘¡ ∑”°“√«—¥§à“°“√ –∑âÕπ· ß„π„∫º—°°“¥ÀÕ¡‡√¥‚Õä§∑’Ëª≈Ÿ°„π ¿“æ§«“¡‡¢â¡
· ßª°μ‘ ‚¥¬„™âμâπ∑’Ë¡’Õ“¬ÿ 41 «—πÀ≈—ß®“°‡æ“–‡¡≈Á¥ «—¥§à“°“√ –∑âÕπ· ß„π„∫∑’Ë‚μ‡μÁ¡∑’Ë≈”¥—∫∑’Ë 2, 3, 4
·≈– 5 π—∫®“°¬Õ¥ ‚¥¬„™â«‘∏’°“√‡¥’¬«°—π°—∫¢âÕ 3. ∑”°“√μ√«®«—¥μ”·Àπàß„∫≈– 2 È´” √«¡°“√«—¥§à“°“√







 ∂‘μ‘¥â«¬«‘∏’ student t-test ∑’Ë p-value 0.05
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μ“√“ß∑’Ë 1 · ¥ß¥—™π’ ‡ª°μ√—¡∑’Ë§”π«≥‰¥â®“°§à“°“√ –∑âÕπ· ß¢Õß„∫∑’Ë§«“¡¬“«§≈◊Ëπμà“ßÊ
Abbreviation Spectral index Formula1/ Ref.
NDVI Normalized Difference Vegetable Index NDVI = (NIR-Red)/(NIR+Red) [11]
NDRE Normalized Difference Red-edge Index NDRE = (R790-R720)/(R790+R720) [12]
GNDVI Green Normalized Difference Vegetable Index GNDVI = (NIR-Green)/(NIR+Green) [13]
PSSR-a Pigment Specific Simple Ratio for Chlorophyll a PSSR-a = R800/R860 [20]
PSSR-b Pigment Specific Simple Ratio for Chlorophyll b PSSR-b = R800/R635 [20]
PSSR-c Pigment Specific Simple Ratio for Carotenoids PSSR-c = R800/R500 [20]
ARI1 Anthocyanin Reflectance Index 1 ARI1 = (1/R550) - (1/R700) [21]
ARI2 Anthocyanin Reflectance Index 2 ARI2 = R800 × [(1/R550) - (1/R700)] [21]
1/ NIR = near-infrared reflectance (898-913 nm), Red = red reflectance (668-683 nm), Green = green reflectance




„π‡«≈“°≈“ß«—π 31.67 Õß»“‡´ ‡ ’´¬  Õÿ≥À¿Ÿ¡‘‡©≈’Ë¬„π‡«≈“°≈“ß§◊π 24.33 Õß»“‡´ ‡ ’´¬  ·≈–
¡’§«“¡™◊Èπ —¡æ—∑∏å‡©≈’Ë¬ 65.51 ‡ªÕ√å‡´Áπμå °“√ª≈Ÿ°º—°°“¥ÀÕ¡‡√¥‚Õä§·∫àß‡ªìπ 2 ∑√’μ‡¡πμåμ“¡§«“¡
‡¢â¡· ß‚¥¬∑”°“√ª≈Ÿ°„π‚√ß‡√◊Õπ‡¥’¬«°—π º—°°“¥ÀÕ¡‡√¥‚Õä§ª≈Ÿ°„π ¿“æ§«“¡‡¢â¡· ßª°μ‘¡’§«“¡
‡¢â¡· ß‡©≈’Ë¬ 226.13 μmol.m-2s-1 ‚¥¬¡’§«“¡‡¢â¡· ß Ÿß∑’Ë ÿ¥ ·≈–μË”∑’Ë ÿ¥‡∑à“°—∫ 435 μmol.m-2s-1
·≈– 108 μmol.m-2s-1 μ“¡≈”¥—∫  ”À√—∫º—°°“¥ÀÕ¡‡√¥‚Õä§∑’Ëª≈Ÿ°¿“¬„μâ ¿“æ§«“¡‡¢â¡· ßμË”°«à“
ª°μ‘ ¡’§«“¡‡¢â¡· ß‡©≈’Ë¬ 119.56 μmol.m-2s-1 ‚¥¬¡’§«“¡‡¢â¡· ß Ÿß∑’Ë ÿ¥·≈–μË”∑’Ë ÿ¥‡∑à“°—∫ 220
μmol.m-2s-1 ·≈– 61 μmol.m-2s-1 μ“¡≈”¥—∫ μ≈Õ¥°“√∑¥≈Õß¡’™à«ß‡«≈“°≈“ß«—π·≈–°≈“ß§◊π‡©≈’Ë¬





(√Ÿª∑’Ë 1°, §) πÕ°®“°π’Èº—°°“¥ÀÕ¡‡√¥‚Õä§∑’Ëª≈Ÿ°¿“¬„μâ ¿“æ§«“¡‡¢â¡· ßμË”°«à“ª°μ‘¬—ß¡’πÈ”Àπ—° ¥
‡¡◊ËÕ∑”°“√‡°Á∫º≈º≈‘μ≈¥≈ßÕ¬à“ß¡’π—¬ ”§—≠¬‘Ëß∑“ß ∂‘μ‘ (√Ÿª∑’Ë 1¢)
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√Ÿª∑’Ë 1 º≈º≈‘μ¢Õßº—°°“¥ÀÕ¡‡√¥‚Õä§∑’Ëª≈Ÿ°„π ¿“æ§«“¡‡¢â¡· ßª°μ‘ (Light) ·≈–∑’Ëª≈Ÿ°¿“¬„μâ
 ¿“æ§«“¡‡¢â¡· ßμË”°«à“ª°μ‘ (Shade) §«“¡°«â“ß∑√ßæÿà¡ (°) πÈ”Àπ—° ¥ (¢) ·≈–≈—°…≥–º—°
°“¥ÀÕ¡‡√¥‚Õä§°àÕπ∑”°“√‡°Á∫º≈º≈‘μ (§) º≈°“√°“√∑¥≈Õß∂Ÿ°∫—π∑÷°‡¡◊ËÕ‡°Á∫º≈º≈‘μ∑’ËÕ“¬ÿ
43 «—πÀ≈—ß®“°‡æ“–‡¡≈Á¥  à«π‡∫’Ë¬ß‡∫π¡“μ√∞“π (SD) · ¥ß¥â«¬ error bar „π·ºπ¿Ÿ¡‘·∑àß
§«“¡·μ°μà“ß∑“ß ∂‘μ‘∂Ÿ°«‘‡§√“–Àå‚¥¬°“√‡ª√’¬∫‡∑’¬∫√–À«à“ß 2 ∑√’μ‡¡πμå¥â«¬«‘∏’ student
t-test, ** §◊Õ ·μ°μà“ßÕ¬à“ß¡’π—¬ ”§—≠¬‘Ëß∑“ß ∂‘μ‘∑’Ë p ≤ 0.01 ·≈– * §◊Õ ·μ°μà“ßÕ¬à“ß¡’π—¬
 ”§—≠∑“ß ∂‘μ‘∑’Ë p ≤ 0.05
3. ª√‘¡“≥√ß§«—μ∂ÿ„π„∫º—°°“¥ÀÕ¡‡√¥‚Õä§∑’Ëª≈Ÿ°¿“¬„μâ ¿“æ§«“¡‡¢â¡· ßμË”°«à“ª°μ‘
§«“¡‡¢â¡· ß àßº≈μàÕ°“√‡ª≈’Ë¬π·ª≈ß¢Õß°“√ – ¡√ß§«—μ∂ÿ„π„∫º—°°“¥ÀÕ¡‡√¥‚Õä§ ‚¥¬
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√Ÿª∑’Ë 2 ª√‘¡“≥√ß§«—μ∂ÿ„π„∫¢Õßº—°°“¥ÀÕ¡‡√¥‚Õä§∑’Ëª≈Ÿ°„π ¿“æ§«“¡‡¢â¡· ßª°μ‘ (Light) ·≈–∑’Ë
ª≈Ÿ°¿“¬„μâ ¿“æ§«“¡‡¢â¡· ßμË”°«à“ª°μ‘ (Shade) ª√‘¡“≥§≈Õ‚√øî≈≈å·≈–·§‚√∑’√Õ¬¥å (°) ·≈–
ª√‘¡“≥·Õπ‚∏‰´¬“π‘π (¢) ª√‘¡“≥√ß§«—μ∂ÿ„π„∫∂Ÿ°«‘‡§√“–Àå‡¡◊ËÕº—°°“¥ÀÕ¡‡√¥‚Õä§Õ“¬ÿ 41 «—π
À≈—ß®“°‡æ“–‡¡≈Á¥  à«π‡∫’Ë¬ß‡∫π¡“μ√∞“π (SD) · ¥ß¥â«¬ error bar „π·ºπ¿Ÿ¡‘·∑àß §«“¡
·μ°μà“ß∑“ß ∂‘μ‘∂Ÿ°«‘‡§√“–Àå‚¥¬°“√‡ª√’¬∫‡∑’¬∫√–À«à“ß 2 ∑√’μ‡¡πμå¥â«¬«‘∏’ student t-test, ns
§◊Õ ‰¡à·μ°μà“ß∑“ß ∂‘μ‘ ·≈– * §◊Õ ·μ°μà“ßÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘μ‘∑’Ë p ≤ 0.05
4. §à“°“√ –∑âÕπ· ß·≈–¥—™π’ ‡ª°μ√—¡¢Õß„∫º—°°“¥ÀÕ¡‡√¥‚Õä§
‡¡◊ËÕμ√«®«—¥§à“°“√ –∑âÕπ· ß¢Õß„∫‚¥¬‡§√◊ËÕß ‡ª°μ√—¡‡™‘ß· ß (LI1800) ‚¥¬„™â
§«“¡¬“«§≈◊Ëπμ—Èß·μà 400 ∂÷ß 950 π“‚π‡¡μ√æ∫«à“ „π™à«ß§«“¡¬“«§≈◊Ëπ 400 ∂÷ß 700 π“‚π‡¡μ√ ´÷Ëß‡ªìπ
™à«ß· ß∑’Ëμ“¡Õß‡ÀÁπ (Visible light) ¡’§à“°“√ –∑âÕπ¢Õß„∫μË”  à«π∑’Ë§«“¡¬“«§≈◊Ëπ 700 ∂÷ß 950 π“‚π‡¡μ√
´÷Ëß‡ªìπ™à«ß√—ß ’Õ‘πø√“‡√¥¬à“π„°≈â (Near-infrared light, NIR) ¡’§à“°“√ –∑âÕπ· ß¢Õß„∫ Ÿß (√Ÿª∑’Ë 3°)
πÕ°®“°π’È„∫¢Õßº—°°“¥ÀÕ¡‡√¥‚Õä§∑’Ëª≈Ÿ°¿“¬„μâ ¿“æ§«“¡‡¢â¡· ßμË”°«à“ª°μ‘¡’§à“°“√ –∑âÕπ· ß„π
™à«ß§«“¡¬“«§≈◊Ëπ 510 ∂÷ß 630 π“‚π‡¡μ√  Ÿß°«à“„∫¢Õßº—°°“¥ÀÕ¡‡√¥‚Õä§∑’Ëª≈Ÿ°„π ¿“æ§«“¡‡¢â¡· ß
ª°μ‘Õ¬à“ß™—¥‡®π (√Ÿª∑’Ë 3°) ·≈–∑’Ë§«“¡¬“«§≈◊Ëπ 740 ∂÷ß 950 π“‚π‡¡μ√ „∫¢Õßº—°°“¥ÀÕ¡‡√¥‚Õä§
∑’Ëª≈Ÿ°¿“¬„μâ ¿“æ§«“¡‡¢â¡· ßμË”°«à“ª°μ‘¡’§à“°“√ –∑âÕπ· ßμË”°«à“„∫¢Õßº—°°“¥ÀÕ¡‡√¥‚Õä§∑’Ëª≈Ÿ°„π
 ¿“æ§«“¡‡¢â¡· ßª°μ‘‡≈Á°πâÕ¬ (√Ÿª∑’Ë 3°) ‡¡◊ËÕπ”§à“°“√ –∑âÕπ· ß¢Õß„∫¡“§”π«≥¥—™π’ ‡ª°μ√—¡
8 ¥—™π’ ´÷Ëß¡’ Ÿμ√°“√§”π«≥¥—ß· ¥ß„πμ“√“ß∑’Ë 1 æ∫«à“¥—™π’ GNDVI ¥—™π’ ARI1 ·≈–¥—™π’ ARI2 ∑’Ë‰¥â
®“°∑√’μ‡¡πμå∑’Ëª≈Ÿ°„π ¿“æ§«“¡‡¢â¡· ßª°μ‘¡’§à“ Ÿß°«à“∑√’μ‡¡πμå∑’Ëª≈Ÿ°„π ¿“æ§«“¡‡¢â¡· ßμË”°«à“
ª°μ‘Õ¬à“ß¡’π—¬ ”§—≠¬‘Ëß∑“ß ∂‘μ‘∑’Ë p ≤ 0.01 (√Ÿª∑’Ë 3¢) ®÷ß™’È„Àâ‡ÀÁπ«à“¥—™π’∑—Èß “¡‡À¡“– ¡„π°“√π”‰ª„™â
μ√«® Õ∫ ÿ¢¿“æ¢Õßº—°°“¥ÀÕ¡‡√¥‚Õä§∑’Ëª≈Ÿ°¿“¬„μâ ¿“æ§«“¡‡¢â¡· ßμË”°«à“ª°μ‘‰¥â ‡π◊ËÕß®“°¥—™π’
∑—Èß “¡π’È¡’§«“¡·μ°μà“ß°—π√–À«à“ß°«à“∑√’μ‡¡πμå∑’Ëª≈Ÿ°„π Õß ¿“æ§«“¡‡¢â¡· ßÕ¬à“ß™—¥‡®π
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5. §«“¡ —¡æ—π∏å¢Õß¥—™π’ ‡ª°μ√—¡°—∫ª√‘¡“≥·Õπ‚∏‰´¬“π‘π„π„∫º—°°“¥ÀÕ¡‡√¥‚Õä§
‡¡◊ËÕπ”¥—™π’ GNDVI ¥—™π’ ARI1 ·≈–¥—™π’ ARI2 ÷´Ëß‡ªìπ§à“¥—™π’ ‡ª°μ√—¡∑’Ë “¡“√∂„™â·¬°
§«“¡·μ°μà“ß√–À«à“ßº—°°“¥ÀÕ¡‡√¥‚Õä§∑’Ëª≈Ÿ°¿“¬„μâ ¿“æ§«“¡‡¢â¡· ß· ßª°μ‘·≈– ¿“æ§«“¡‡¢â¡
· ßμË”°«à“ª°μ‘ (√Ÿª∑’Ë 3¢) ¡“ √â“ß°√“ø§«“¡ —¡æ—π∏å√à«¡°—∫ª√‘¡“≥·Õπ‚∏‰´¬“π‘π´÷Ëß‡ªìπª√‘¡“≥√ß§«—μ∂ÿ
‡æ’¬ß™π‘¥‡¥’¬«∑’Ë¡’§«“¡·μ°μà“ß∑“ß ∂‘μ‘‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫√–À«à“ß§«“¡‡¢â¡· ßª°μ‘·≈–§«“¡‡¢â¡· ßμË”
°«à“ª°μ‘ (√Ÿª∑’Ë 2¢) ®“°°√“ø§«“¡ —¡æ—π∏åæ∫«à“ ¥—™π’ GNDVI ¥—™π’ ARI1 ·≈–¥—™π’ ARI2
¡’ À —¡æ—π∏å‡™‘ß∫«°°—∫ª√‘¡“≥·Õπ‚∏‰´¬“π‘π„π„∫¢Õßº—°°“¥ÀÕ¡‡√¥‚Õä§ ‚¥¬¡’§à“ r2 ‡∑à“°—∫ 0.9168,
0.9164 ·≈– 0.9088 μ“¡≈”¥—∫ (√Ÿª∑’Ë 4)
√Ÿª∑’Ë 3 °“√ –∑âÕπ· ß¢Õß„∫º—°°“¥ÀÕ¡‡√¥‚Õä§∑’Ë∑’Ëª≈Ÿ°„π ¿“æ§«“¡‡¢â¡· ßª°μ‘ (Light) ·≈–∑’Ëª≈Ÿ°
¿“¬„μâ ¿“æ§«“¡‡¢â¡· ßμË”°«à“ª°μ‘ (Shade) §à“°“√ –∑âÕπ· ß (°) ·≈–¥—™π’ ‡ª°μ√—¡ (¢) °“√
 –∑âÕπ· ß¢Õß„∫∂Ÿ°μ√«®«—¥‡¡◊ËÕº—°°“¥ÀÕ¡‡√¥‚Õä§Õ“¬ÿ 41 «—πÀ≈—ß®“°‡æ“–‡¡≈Á¥  à«π‡∫’Ë¬ß
‡∫π¡“μ√∞“π (SD) · ¥ß¥â«¬ error bar „π·ºπ¿Ÿ¡‘·∑àß §«“¡·μ°μà“ß∑“ß ∂‘μ‘∂Ÿ°«‘‡§√“–Àå‚¥¬
°“√‡ª√’¬∫‡∑’¬∫√–À«à“ß 2 ∑√’μ‡¡πμå¥â«¬«‘∏’ student t-test, ns §◊Õ ‰¡à·μ°μà“ß∑“ß ∂‘μ‘, **§◊Õ
·μ°μà“ßÕ¬à“ß¡’π—¬ ”§—≠¬‘Ëß∑“ß ∂‘μ‘∑’Ë p ≤ 0.01 ·≈– * §◊Õ ·μ°μà“ßÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘μ‘∑’Ë
p ≤ 0.05
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200 μmol.m-2s-1 [5] „π°“√∑¥≈Õßπ’È∑”°“√ª≈Ÿ°º—°°“¥ÀÕ¡‡√¥‚Õä§„π 2 §«“¡‡¢â¡· ß §◊Õ„π ¿“æ
· ß∏√√¡™“μ‘´÷Ëß¡’§«“¡‡¢â¡· ß‡©≈’Ë¬ 226.13 μmol.m-2s-1 · ¥ß«à“ ¿“æ· ß∏√√¡™“μ‘„π‚√ß‡√◊Õπ
 “¡“√∂„™â‡ªìπμ—«·∑π¢Õß ¿“æ§«“¡‡¢â¡· ßª°μ‘ „π∑“ßμ√ß°—π¢â“¡∑√’μ‡¡πμå∑’Ëª≈Ÿ°„π ¿“ææ√“ß· ß 50
‡ªÕ√å‡´Áπμå ´÷Ëß¡’§«“¡‡¢â¡· ß‡©≈’Ë¬‡æ’¬ß 119.56 μmol.m-2s-1 ®÷ß‡ªìπ°“√ª≈Ÿ°¿“¬„μâ ¿“æ§«“¡‡¢â¡· ß
μË”°«à“√–¥—∫ª°μ‘ ´÷Ëß‡ªìπ§«“¡‡¢â¡· ß∑’Ë‰¡à‡æ’¬ßæÕμàÕ§«“¡μâÕß°“√¢Õßº—°°“¥ÀÕ¡‡√¥‚Õä§ · ß‡ªìπªí®®—¬
 ”§—≠∑’Ëæ◊™„™â„π°“√ —ß‡§√“–Àå¥â«¬· ß æ◊™∑’Ëª≈Ÿ°„π∑’Ë√à¡À√◊Õ„πæ◊Èπ∑’Ë∑’Ë¡’§«“¡‡¢â¡· ßμË”®–¡’Õ—μ√“°“√
 —ß‡§√“–Àå¥â«¬· ß∑’Ë≈¥≈ß [23-24] ´÷Ëß “¡“√∂ àßº≈„Àâæ◊™¡’º≈º≈‘μ≈¥≈ß „π°“√∑¥≈Õßπ’Èæ∫«à“§«“¡‡¢â¡
· ßμË”°«à“ª°μ‘ àßº≈„Àâ§«“¡°«â“ß∑√ßæÿà¡·≈–πÈ”Àπ—° ¥¢Õßº—°°“¥ÀÕ¡‡√¥‚Õä§≈¥≈ß (√Ÿª∑’Ë 1) ®“°°“√




√–¥—∫ª°μ‘∑’Ë¡’·π«‚πâ¡μË”°«à“º—°°“¥ÀÕ¡‡√¥‚Õä§∑’Ëª≈Ÿ°„π ¿“æ§«“¡‡¢â¡· ß· ßª°μ‘ (√Ÿª∑’Ë 2°) πÕ°®“°π’È
¬—ßæ∫«à“§«“¡‡¢â¡· ßμË” àßº≈„Àâº—°°“¥ÀÕ¡‡√¥‚Õä§¡’ª√‘¡“≥·Õπ‚∏‰´¬“π‘π≈¥≈ß (√Ÿª∑’Ë 2¢) º—°°“¥ÀÕ¡
‡√¥‚Õä§‡ªìπº—° ≈—¥∑’Ë‡ªìπ·À≈àß·Õπ‚∏‰´¬“π‘π∑’Ë ”§—≠ [25] §«“¡‡¢â¡· ß∑’Ë≈¥μË”≈ß àßº≈‚¥¬μ√ß°—∫






510 ∂÷ß 630 π“‚π‡¡μ√  Ÿß°«à“„∫¢Õßº—°°“¥ÀÕ¡‡√¥‚Õä§∑’Ëª≈Ÿ°„π ¿“æ§«“¡‡¢â¡· ßª°μ‘ (√Ÿª∑’Ë 3°)
§«“¡·μ°μà“ß¢Õß§à“°“√ –∑âÕπ· ß¢Õß„∫¢Õßæ◊™‡°‘¥®“° 3 ªí®®—¬ §◊Õ ‚§√ß √â“ß·≈–°“¬«‘¿“§¢Õß„∫
√ß§«—μ∂ÿ·≈– “√™’«‡§¡’ ·≈–≈—°…≥–∑“ß √’√«‘∑¬“ ‰¥â·°à ª√‘¡“≥πÈ”„π„∫ Õ—μ√“°“√ —ß‡§√“–Àå¥â«¬· ß
·≈–°“√‡°‘¥§≈Õ‚√øî≈≈åø≈ŸÕÕ‡√ ‡´πμå ‡ªìπμâπ [27] ‡¡◊ËÕπ”§à“°“√ –∑âÕπ· ß¡“§”π«≥¥—™π’ ‡ª°μ√—¡
æ∫«à“ ¥—™π’ GNDVI ¥—™π’ ARI1 ·≈–¥—™π’ ARI2 ¢Õßº—°°“¥ÀÕ¡‡√¥‚Õä§∑’Ëª≈Ÿ°„π ¿“æ§«“¡‡¢â¡· ß
ª°μ‘¡’§à“¥—™π’¥—ß°≈à“« Ÿß°«à“º—°°“¥ÀÕ¡‡√¥‚Õä§∑’Ëª≈Ÿ°„π ¿“æ§«“¡‡¢â¡· ßμË”°«à“ª°μ‘ (√Ÿª∑’Ë 3¢)
º≈°“√∑¥≈Õßπ’È Õ¥§≈âÕß°—∫°“√‡ª≈’Ë¬π·ª≈ß¢Õß§à“°“√ –∑âÕπ· ß„π„∫ ‡π◊ËÕß®“°¥—™π’ GNDVI ‡ªìπ
¥—™π’∑’Ë„™âμ√«® Õ∫ ÿ¢¿“æ¢Õßæ◊™‚¥¬„™â· ß ’‡¢’¬«´÷ËßÕ¬Ÿà„π™à«ß 548 ∂÷ß 563 π“‚π‡¡μ√ [13, 22] ·≈–
§«“¡¬“«§≈◊Ëπ„π™à«ß· ß ’‡¢’¬«π’È¬—ß “¡“√∂„™âÀ“ª√‘¡“≥§≈Õ‚√øî≈≈å·≈–·Õπ‚∏‰´¬“π‘π„πæ◊™‰¥â [28]
 ”À√—∫¥—™π’ ARI1 ·≈–¥—™π’ ARI2 ‡ªìπ¥—™π’∑’Ë„™â§«“¡¬“«§≈◊Ëπ„π™à«ß 550 π“‚π‡¡μ√ ÷´Ëß§«“¡¬“«§≈◊Ëπ
„π™à«ßπ’È‡ªìπ™à«ß· ß ’‡¢’¬«∑’Ë§≈Õ‚√øî≈≈å∂Ÿ°¥Ÿ¥°≈◊π‰¥âπâÕ¬∑’Ë ÿ¥ [29] ·≈–‡ªìπ™à«ß· ß∑’Ë¡’°“√¥Ÿ¥°≈◊π· ß
¢Õß·Õπ‚∏‰´¬“π‘π [21] ®“°º≈°“√∑¥≈Õßæ∫«à“¥—™π’ GNDVI ¥—™π’ ARI1 ·≈–¥—™π’ ARI2 ¡’
 À —¡æ—π∏å‡™‘ß∫«°°—∫ª√‘¡“≥·Õπ‚∏‰´¬“π‘π„π„∫¢Õßº—°°“¥ÀÕ¡‡√¥‚Õä§ (√Ÿª∑’Ë 4) · ¥ß„Àâ‡ÀÁπ«à“
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